Urban canals play a major socio-economic role in many tropical countries and, particularly, Thailand. One of the overlooked functions that they perform is a significant attenuation of wasterelated pathogens posing considerable health risk, as well as pollution attenuation in general.
infection by Giardia only (Lane & Llyod 2002) . A recent study (Karanis et al. 2007 ) reviewed at least 325 waterassociated outbreaks of parasitic protozoan disease. North
American and European outbreaks accounted for 93% of all reports and nearly two-thirds of outbreaks occurred in North America. Over 30% of all outbreaks were documented in Europe, with the UK accounting for 24% of outbreaks worldwide. Giardia duodenalis (G. lamblia) and C. parvum accounted for the majority of outbreaks: 132 (40.6%) and 165 cases (50.8%), respectively.
Based on the World Health Organization (WHO)
report, however, a majority of disease outbreaks (giardiasis) occur in Asia, Africa, and Latin America with some 5 £ 10 5 new cases reported each year (Lanata et al. 2002) .
A recent survey revealed that 37% of gastroenteritis in the USA was caused by Cryptosporidium and 14% by Giardia.
The survey also showed that 62% of the treated water associated outbreaks were caused by Cryptosporidium.
According to WHO (Lanata et al. 2002) The first aim of this study was to carry out an extensive investigation of the occurrence of the pathogens C. parvum, G. lamblia and E. coli in municipal canals of the Greater Bangkok area (peri-urban Pathumthani province, Thailand), which furthered and expanded a previous study (Anceno et al. 2007b laboratory. In all cases, the elapsed time between sampling and physico-chemical parameter analyses (APHA 1998) did not exceed 6 h.
Enumeration of fecal coliforms
Total coliforms, fecal coliforms and E. coli in wastewater samples were determined using the most probable number (MPN) method according to APHA (1998). Bacterial numbers in sediment were determined by the methods used by Karim et al. (2004) . Results were reported as MPN per 100 ml of wastewater or 100 g of sediment.
Quantification of the protozoan parasites Protozoan parasites in sediments were quantified by using the method described by Karim et al. (2004) . A 20-ml aliquot of each sediment sample was processed for Giardia and Cryptosporidium (oo)cysts enumeration. The weight of the samples was recorded and dry matter determined as described (Pepper et al. 1995) . Sediment samples were mixed with 30 ml of sterile deionized water. After homogenization, the samples were passed through a series of two sieves of gradually finer mesh (opening 2 mm, No. 10, Fisher Scientific Co., USA; 300 mm, No. 50. Gilson Co., USA) to remove fibrous and coarse particulates. The samples were transferred to 750-ml plastic centrifuge bottles and concentrated by centrifugation at 1,050 £ g for 10 min. The supernatant was aspirated off without disrupting the pellet.
The (oo)cyst containing pellet was twice washed in deionized water. Elution solution was added to achieve a final volume of 20 ml. Further downstream processing was performed as described previously (Anceno et al. 2007a ).
Removal rate evaluation
The evaluation of the removal rates was based on assump- 
Concentrations C are in kg/m 3 for BOD 5 , (oo)cysts/m 3 for C. parvum and G. lamblia, and MPN/m 3 for E. coli.
Flow rates Q are in m 3 /day, distances L, in metres, and R either in kg of BOD 5 or number of pathogens removed per day. Results were transformed into the removal rates as log 10 units/km.d (Table 4) .
Data analysis
Data was compiled using MS Excel (Microsoft Corp., USA) and statistical analyses performed using the SPSS 10.0 for 
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Removal rates and mechanisms
Although it was previously assumed that the canals were merely diluting pollution from various sources, the comparison between the flow rate fluctuations and pathogen density (data not shown) along the canals revealed that the pathogen density was decreasing from upstream to downstream while the flow was decreasing in the same direction.
This finding suggests that the dilution was not the only factor to be considered and it could be inferred as discussed below that a synergy of several mechanisms enhanced the overall pathogen removal in the canals. These mechanisms are assumed to include a large scale sedimentation (Grimason et al. 1993) , as was confirmed by the presence of the pathogens in the sediment. Table 2 and/or invertebrates (Fayer et al. 2000; Simek et al. 2001; Stott et al. 2001) . Overall, the removal of G. lamblia was greater than that of C. parvum, comparing well with literature. Unlike in the case of C. parvum and E. coli, a more efficient removal for BOD5, E. coli and G. lamblia was observed in the dry rather than in the rainy season in Canal One and Canal Premprachakorn although the pollution load was higher in the rainy season (Table 4 ). , five-day biological oxygen demand (BOD5, mg/l), total suspended solids (TSS, mg/l), chlorophyll a (Chl a, mg/l), dissolved oxygen (DO, mg/l), C. parvum (oocysts/l), G. lamblia (cysts/l), E. coli (MPN/100 ml); see Table 1 for the canal name abbreviations. the environments similar to the described, the environments which comprise a significant portion of global population. Table 4 | Geometric means for the generalized specific removal rates of organics and pathogens in the canals 
